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nozzle tip sections 10 being connected to a rod section 4,
which 1s driven to rotate by a motor 1. A cylindrical cam
section 8having a cam surface 8a and being able to rotate
relative to the rod section 4 1s provided such as to encase the
nozzle tip sections 10, and one ends of the nozzle tip sections
10 engage with the cam surface 8a of the cam section 8 via
rollers 6, whereby the nozzle tip sections 10 are movable in
a vertical direction. On the outer side of the cylindrical cam
section 8, a stopper section 12 1s provided for halting
temporarily the rotation of only the cylindrical cam surface

8.

6 Claims, 4 Drawing Sheets
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ELECTRONIC COMPONENT MOUNTING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic component
mounting apparatus for mounting electronic components
successively 1n prescribed positions on a mounting object,
such as a circuit board, or the like.

2. Description of Related Art

FIG. 4 shows one example of an electronic component
mounting apparatus of this kind. The apparatus comprises a
component supplying section 16 for accommodating and
automatically supplying electronic components 22, a com-
ponent mounting section 18 moving in mutually orthogonal
X and Y directions 1n order to register the position of a
circuit board 17 onto which electronic components 22 are to
be mounted, suction nozzle sections 120 for picking up
clectronic components 22 automatically supplied by the
component supplying section 16 and mounting same at
prescribed positions on the circuit board 17, and a head
section 121 comprising a plurality of such suction nozzle
sections 120 provided on the outer circumference thercof.
The head section 121 1s driven to rotate mtermittently to
prescribed halt positions, where the suction nozzle sections
120 perform the operations of picking up the electronic
components 22 by suction and mounting same on the circuit

board 17.

The details of the atorementioned suction nozzle sections
120 are described here with reference to FIG. 5.

The suction nozzle section 120 1s supported on a guide 24
in a vertically slidable fashion and 1s thereby mounted on the
clectronic component mounting apparatus. A cam follower
30 1s provided at a prescribed position 1n the guide section
24 1n order to engage with a raising and lowering groove
cam (not illustrated). On the inner portion of each suction
nozzle section 120, a rotating member 31 1s provided
rotatably about a vertical axis with respect to the upper face
of the circuit board 17 on which electronic components are
to be mounted. Below the rotating member 31, there is
provided a U-shaped rod section 32 which engages with the
rotating member 31 via a coupling member (not illustrated)
and rotates about the same vertical axis as the rotating
member 31.

At the upper end of the rotating member 31, a coupling
section 31a with V-shaped grooves that engages with rota-
tional driving means (not illustrated) is provided. Below the
U-shaped rod section 32, a rotating member 27 which rotates
about a horizontal axis with respect to the upper face of the
circuit board 17 is provided by means of a bearing (not
illustrated), and a turret 25 1s disposed 1in such a manner that
it engages with this rotating member 27. A plurality of
nozzle tip sections 26 are attached to this turret 285.
Furthermore, engaging grooves 27a for restricting rotation
are provided 1n the rotating member 27, along with a spring
29 which presses an engaging hook 28 capable of engaging
with and disengaging from the engaging groove 27a,

towards an engagement position.

This electronic component mounting apparatus 1S Oper-
ated as described below.

The head section 121 comprising a plurality of suction
nozzle sections 120 is rotated intermittently in the direction
indicated by the arrow 1n FIG. 4. Firstly, at a component
supply position of the component supplying section 16, a
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suction nozzle section 120 picks up an electronic component
22 by suction, whereupon the attitude of the suctioned
clectronic component 22 1s recognized at a position corre-
sponding to an 1mage recognition section 19.

Depending on the attitude of the suctioned electronic
component 22 thus recognized, an amount of correction for
the positional registration position of the component mount-
ing section 18, and an amount of correction for the rotation
of the nozzle tip section (U-shaped rod section) 32 are
calculated, in consideration of the mounting position and
mounting angle for the electronic component 22 onto the
circuit board 17 that are registered beforehand. The com-
ponent mounting section 18 1s moved and the nozzle tip
section (U-shaped rod section) 32 is rotated on the basis of
the calculated data (respective amounts of correction),
whereupon the electronic component 22 1s mounted onto the
circuit board 17. In this operation, the engaging hook 28 is
caused to perform a rocking movement about the fulcrum
thereof, by means of a rocking movement of a lever (not
illustrated) contacting one end thereof, thereby releasing the
other end thereot which is engaged with an engaging groove
27a of the rotating member 27. Therecupon, the turret 25
coupled to the rotating member 27 1s rotated by driving the
rotating member 27 by the rotational driving means (not
illustrated).

When a prescribed nozzle tip section 26 1s selected, the
lever (not illustrated) contacting one end of the engaging
hook 28 1s released by a rocking movement, whereby the
engaging hook 28 1s caused to engage with an engaging
oroove 27a of the rotating member 27 by means of the
spring 29 pressing the engaging hook 28 towards the
engagement position. Thereupon, at a position correspond-
ing to a nozzle recognition section 23 in FIG. 4, image
recognition of the nozzle tip section 26 1s performed, and 1t
1s determined whether or not the prescribed nozzle has been
selected. The series of operations described above 1s per-
formed repeatedly.

However, 1in this conventional electronic component
mounting apparatus, when selecting a nozzle tip section 26,
it 1s necessary to halt the rotation of the head section 121
temporarily for a prescribed period of time, 1n order to
release the engaging hook 28 from the engaging eroove 27a
of the rotating member 27 and rotate the rotating member 27
by the rotational driving means, and hence this 1s greatly
disadvantageous when seeking to achieve a high-speed
component mounting operation.

Moreover, since 1t 1s necessary to provide a spring 29
having a high elastic force to press on the engaging hook 28,

the load on the engaging grooves 27a of the rotating member
27 and on the engaging hook 28 1s high, and hence this has

an adverse effect on durability.

SUMMARY OF THE INVENTION

Consequently, it 1s an object of the present invention to
resolve the aforementioned problems by providing an elec-
tronic component mounting apparatus, whereby increased
speed 1n electronic component mounting operations can be
achieved by enabling nozzle tip sections to be selected
whilst a head section 1s rotating, and furthermore, whereby
the durability of suction nozzle sections can be improved.

In order to achieve the aforementioned object, the elec-
tronic component mounting apparatus of the present inven-
fion comprises an improved suction nozzle section that
comprises a plurality of nozzle tip sections, a rod section for
holding said nozzle tip sections such as to allow each of the
nozzle tip sections to move upward and downward, said




US 6,553,659 Bl

3

nozzle tip sections being disposed about the outer edge of
the rod section, a motor section connected to the rod section
for causing said rod section to rotate about the central axis
of the suction nozzle section, a cylindrical cam section
provided concentric with the rod section such as to be
rotatable relative to the rod section, having a cam surface for
restricting height positions of the nozzle tip sections by
performing relative rotation with respect to the rod section,
and a stopper section provided on an outer side of the
cylindrical cam section for halting the rotation of the cylin-
drical cam section so as to cause only the rod section to
rotate relative to the cylindrical cam section.

More specifically, the stopper section comprises a recess
formed 1n a side face of the cylindrical cam section and an
engaging section disposed engageably and disengageably
with said recess. When the engaging section of the stopper
section 1s engaged with the recess in the cylindrical cam
section, only the rod section can rotate, so that, of the
plurality of nozzle tip sections held by the rod section, the
nozzle tip section guided by the cylindrical cam section such
that 1t assumes a lowermost position is selected as the nozzle
to be used. When the engaging section of the stopper section
1s not engaged with the recess 1n the cylindrical cam section,
the cylindrical cam section rotates in conjunction with the
rod section, 1n such a manner that the rotational position of
the nozzle tip section can be corrected.

According to the present mnvention, by rotating the head
section, electronic components are picked up from the
component supplying section by suction nozzle sections,
and subsequently, by further rotating the head section, the
picked up electronic components are mounted at prescribed
positions on a mounting object. During this operation, a
nozzle tip section can be selected whilst the head section 1s
rotating by driving the motor section, and hence no time for
halting the head section 1s required as in the prior art, thereby
making 1t possible to 1ncrease the speed of electronic com-
ponent mounting processes. Moreover, by adopting a cylin-
drical cam section 1n each suction nozzle section, 1t 1S
possible to reduce the load on the suction nozzle section in
comparison to the force imparted by the spring in the prior
art, and hence durability can be improved.

While novel features of the invention are set forth 1n the
preceding, the invention, both as to organization and
content, can be further understood and appreciated, along
with other objects and features thereof, from the following
detailed description and examples when taken in conjunc-
tion with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view of a suction nozzle section accord-
ing to an embodiment of the present invention;

FIG. 2 1s a longitudinal sectional side view of a suction
nozzle section according to the same embodiment;

FIG. 3 1s a plan view giving a general illustration of a
mode of electronic component mounting operation accord-
ing to the same embodiment;

FIG. 4 1s an oblique view showing the overall composi-
fion of an electronic component mounting apparatus; and

FIG. 5 1s an oblique view showing a suction nozzle
section according to the prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

One embodiment of the electronic component mounting
apparatus according to the present invention i1s now

described with reference to FIG. 1 to FIG. 3.
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The overall construction of the electronic component
apparatus 1s substantially the same as that of the prior art
described above with reference to FIG. 4, and 1t will be
described below with the same reference numerals except
for the head section 20 and the suction nozzle section 21,
which are basically the novel features of the present inven-
tion. The apparatus 1n this embodiment comprises: a com-
ponent supplying section 16 for supplying electronic com-
ponents 22; a component mounting section 18 for mounting
clectronic components 22 on a circuit board 17 or the
mounting object; suction nozzle sections 20 for picking up
clectronic components 22 by suction and mounting same on
the circuit board 17; and a head section 21 supporting a
plurality of such suction nozzle sections 20 on the outer
circumference thereof. The head section 21 causes the
suction nozzle sections 20 to move 1n a circular fashion, and
furthermore, it 1s supported in such a manner that it can
perform upward and downward movement 1n order to pick
up electronic components 22 from the component supply
section 16 and mount electronic components 22 at the
component mounting section 18, whilst controlling the
height of the suction nozzle sections 20 to a required height
according to their position. Moreover, the head section 21 1s
rotated intermittently and performs tasks at respective halt
positions, namely, picking up of electronic components 22
by suction 1n the aforementioned manner and mounting of
same onto the circuit board 17, 1n a stimultancous fashion.

FIG. 1 and FIG. 2 are, respectively, a front view and a
longitudinal sectional side view showing the details of the
suction nozzle section 20) according to the present invention.
The suction nozzle section 20 comprises a motor 1, a
reduction gear 2 connected to the motor 1, a rod section 4 to
which a drive force 1s transmitted from the motor 1 via the
reduction gear 2, bearings 3, 9 for supporting the rod section
4, a plurality of nozzle tip sections 10 supported on the rod
section 4 via intervening springs 3, rollers 6 and fulcrum
pins 7 attached on one ends of the nozzle tip sections 10, a
cylindrical cam section 8 coaxial with the rod section 4
having a cam surface 8a, a stopper section 12 and a spring
11 engaged therewith, a guide section 13, and a cam follower

14.

The guide sections 13 for supporting the suction nozzle
sections 20 on the head section 21 of the electronic com-
ponent mounting apparatus are attached slidably 1n a vertical
direction, a cam follower 14 for engaging with a raising and

lowering groove cam (not illustrated) being provided in a
prescribed position on each guide section 13. A plurality of
nozzle tip sections 10 for picking up electronic components
22 by suction and a rod section 4 for supporting these nozzle
tip sections 10 1n a vertically movable fashion are provided
inside each suction nozzle section 20), 1n such a manner that
they can be rotated by means of a motor 1 (described
hereinafter) and bearings 3 and 9, about a vertical axis with
respect to the upper face of the circuit board 17 onto which
clectronic components 22 are to be mounted. A cylindrical
cam section 8 1s provided such that 1t houses therein the rod
section 4, coaxially with same. The cylindrical cam section
8 1s formed with a cam surface 8a on the top face thereof 1n
the form of a curved groove, with which the roller 6 at the
upper end of the nozzle tip section 10 engages, so as to
impart up and down motions to the nozzle tip section 10. The
spring S 1s inserted between one end of the nozzle tip section
10 and a recess 4a formed at the lower end of the rod section
4, whereby the nozzle tip section 10 1s pressed against the
cam surface 8a via the rollers 6 and the fulcrums 7 coupled
to the nozzle tip section 10. Upper and lower limits 1n the
position of the nozzle tip sections 10 are thus determined by
the groove-like cam surface 8a of the cylindrical cam
section §.
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The motor 1 for causing the rod section 4 to rotate 1s
attached to the input axle 2a of the reduction gear 2, and the
rod section 4 1s attached to the output axle 2b of the
reduction gear 2, thereby causing the rod section 4 and
cylindrical cam section 8 to rotate by means of the rotation
of the motor 1. The rotation of the cylindrical cam section 8
can be halted by means of a stopper section provided on one
side of the cylindrical cam section 8.

The stopper section comprises a recess 8b or a cut-out
formed on the side face of the cylindrical cam section 8, and
an engaging section 12 movable 1n the direction of the arrow
in FIG. 2 by means of stopper driving means 15, 1n such a
manner that 1t can engage with and disengage from the
aforementioned recess 8b. When the engaging section 12 1s
driven forward by the stopper driving means 15, it engages
with the recess 8b of the cylindrical cam section 8, whereby
the rotation of the cylindrical cam section 8 is halted and
only the rod section 4 rotates. In this case, of the plurality of
nozzle tip sections 10 held by the rod section 4, the nozzle
tip section 10 guided by the cylindrical cam section 8 such
that 1t assumes the lowermost position 1s selected as the
nozzle to be used.

When the stopper driving means 15 1s retracted, the
engaging section 12 1s released from the recess 8b of the
cylindrical cam section 8 by the force of a spring member 11
mounted thereon, whereby the cylindrical cam section 8
rotates with the rod section 4, so as to correct the rotational
position of the selected nozzle tip section 10. In this way, the
drive force of the motor 1 to rotate the rod section 4, which
1s normally used for correcting rotational position of a
nozzle tip section, 1s utilized for selecting one of the
plurality of the nozzle tip sections 10. Therefore, even whilst
the head section 21 1s rotating, 1t 1s possible to switch
between the operations of registering the position of the
nozzle tip section 10 1n the rotational direction, and selecting
a nozzle tip section 10 to be registered 1n position 1n the
vertical direction. The stopper section for halting the rotation
of the cylindrical cam section 8 should not be limited to such
engaging section 12 capable of engaging and disengaging
with respect to the recess 8b, and can be variously designed.

As shown in FIG. 3, the head section 21 comprises twelve
suction nozzle sections 20 provided at respective positions
of a first station (ST1) to twelfth station (ST12) on the outer
circumference thereof, and 1t 1s caused to rotate intermit-
tently 1n the direction of the arrow A shown 1n FIG. 3.

A component supplying section 16 accommodating elec-
tronic components 22 of a plurality of different types, is
driven by a driving motor 164 and moved 1n the X direction
and registered 1n position, whereupon an electronic compo-
nent 22 to be picked up by suction 1s registered 1n position
below the suction nozzle section 20 1n the position of the
first station (ST1). Thereupon, the electronic component 22
1s picked up by a prescribed nozzle tip section 10 1n the
suction nozzle section 20 at the first station (ST1) position.
Next, at the second station (ST2) position, the suction nozzle
section 20 that has picked up the electronic component 22
rotates the picked up electronic component 22 by driving the
motor 1, to an angle for mounting on a circuit board 17 as
previously determined by means of a mounting program.

At the fourth station (ST4) position, the attitude of the
picked up electronic component 22 1s recognized by an
image recognizing section 19, and an amount of correction
for the registered position of the component mounting
section 18 and an amount of correction for the degree of
rotation of the nozzle tip section 10 (rod section 4) are
calculated from the recognized attitude of the picked up
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clectronic component 22, by taking consideration of the
predetermined mounting position and mounting angle of the
clectronic component 22 on the circuit board 17.

At the fifth station (ST5), corrective rotation of the suction
nozzle section 20 for picking up electronic components 1s
performed, on the basis of the respective amounts of calcu-
lation calculated above. At this time, as shown 1n FIG. 2, the
engaging section 12 1s separated from the recess 8b in the
cylindrical cam section 8 by the pressing force of the spring
11, and when the motor 1 1s driven, the rod section 4 holding
the nozzle tip section 10 and the cylindrical cam section 8
are caused to rotate via the reduction gear 2, thereby causing
the nozzle tip section 10 to rotate and be registered in
position.

Next, at the seventh station (ST7) position, the suction
nozzle section 20 1s registered mm a mounting position
previously determined by a mounting program over a circuit
board 17 mounted on the component mounting section 18,
which has been registered 1n position by means of an X axis
motor 18a and a Y axis motor 18b. Thereupon, at the eighth
station (ST8), the suction nozzle section 20 is returned
upwards by means of the cam follower 14 mentioned above.
Here, the motor 1 1s driven so as to cause both of the rod
section 4 holding the nozzle tip section 10 and the cylindri-
cal cam section 8 to a position where the engaging section
12 1s able to engage with the recess 8b formed 1n the
cylindrical cam section 8.

Thereupon, the head section 21 1s rotated to the tenth
station (ST10) position. At this time, the engaging section 12
1s engaged with the recess 85 provided in the cylindrical cam
section 8 by the stopper driving means 15, so that the
rotation of the cylindrical cam section 8 1s prevented. In this
state, the motor 1 1s driven, whereupon only the rod section
4 rotates, and the rollers 6 coupled to the fulcrum pins 7 of
the nozzle tip sections 10 held by the rod section 4 move
along the cam surface 8a of the cylindrical cam section 8.
When a nozzle tip section 10 to be selected comes to a
lowest position defined by the cam surface 8a, the rotation
of the rod section 4 1s stopped so as to position the selected
nozzle tip section 10 at this lowest position. After a desired
nozzle tip section 10 has been selected, the stopper driving
means 15 1s released from the engaging section 12, and
hence the engaging section 12 1s removed from the recess 8b
provided 1n the cylindrical cam section 8 by the force of the
spring 11. At the twelfth station (ST12) position, the shape
of the nozzle tip section 10 1s detected by the nozzle
recognition section 23, and 1t 1s determined whether or not
a prescribed nozzle tip section 10 has been selected. The
serics of operations described above 1s performed repeat-
edly.

According to the electronic component mounting appa-
ratus of the present invention, whilst performing the opera-
tions of picking up electronic components by suction from
the component supply by means of the suction nozzle
sections provided about the outer circumierence of the head
section, and mounting the aforementioned electronic com-
ponents on a mounting object, such as a circuit board, or the
like, by causing the head section to rotate, it 1s possible to
select a nozzle tip section of a suction nozzle section without
halting the head section, and therefore high-speed operation
of electronic component mounting processes can be
achieved, and furthermore, by adopting a cylindrical cam
function, the load on the suction nozzle sections 1s reduced,
thereby allowing durability to be improved.

Although the present invention has been fully described in
connection with the preferred embodiment thereotf, it 1s to be
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noted that various changes and modifications apparent to
those skilled in the art are to be understood as included
within the scope of the present invention as defined by the
appended claims unless they depart therefrom.

What 1s claimed 1s:

1. An electronic component mounting apparatus compris-
Ing:

a component supplying section for supplying electronic

components;

a component mounting section for mounting electronic
components onto a mounting object;

a plurality of suction nozzle sections for picking up
clectronic components by suction and mounting the
clectronic components onto the mounting object; and

a head section provided with a plurality of suction nozzle
sections disposed about an outer edge thercof, the
operation of picking up and mounting said electronic
components being performed by said suction nozzle
sections at prescribed halt positions by said head sec-
tion being rotated mtermittently;

wherein each of said suction nozzle sections comprises:

a plurality of nozzle tip sections,

a rod section for holding said nozzle tip sections so as
to allow each of the nozzle tip sections to move
upward and downward, said nozzle tip sections
bemng disposed about an outer edge of the rod
section,

a motor section connected to the rod section for causing,
said rod section to rotate about a central axis of the
suction nozzle section,

a cylindrical cam section concentric with the rod sec-
tion so as to be rotatable selectively together with
and relative to the rod section, said cylindrical cam
section having a cam surface that controls height
positions of the nozzle tip sections when the cylin-
drical cam section 1s rotated with respect to the rod
section, and

a stopper section provided on an outer side of the
cylindrical cam section for selectively halting the
rotation of the cylindrical cam section while permit-
ting the rod section to rotate relative to the cylindri-
cal cam section thus causing said rod section to
change height of the nozzle tip sections.

2. The electronic component mounting apparatus accord-
ing to claim 1, wherein said cam surface of the cylindrical
cam section 1s a curved surface formed to an upper edge of
the cylindrical cam section such as to guide the nozzle tip
sections successively to a lower limit position of the upward
and downward movements of the nozzle tip sections.

3. The electronic component mounting apparatus accord-
ing to claim 1, wherein the stopper section comprises a
recess formed 1n a side face of the cylindrical cam section
and an engaging section disposed for selective engagement
and disengagement with and from said recess 1n the side face
of the cylindrical cam section.

4. A method for mounting electronic components 1n an
clectronic component mounting apparatus having a compo-
nent supplying section for supplying electronic components,
a head section movably mounted on a rotating table, a
plurality of suction nozzle sections that are movable with
and with respect to the head section, each suction nozzle
section comprising a plurality of nozzle tip sections disposed
around a rod section so as to be movable upwards and
downwards, a motor section for driving the rod section to
rotate about the central axis of the suction nozzle section, a
cylindrical cam section concentric with the rod section so as
to be rotatable selectively relative to and together with the
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rod section, the cylindrical cam section having a cam surface
that controls height positions of the nozzle tip sections and
a recess 1n a side face of the cylindrical cam section, and a
stopper section provided on a side of the cylindrical cam
section having an engaging section to selectively engage
with said recess 1n the cylindrical cam section, the method
comprising:

causing the engaging section of the stopper section to
engage with the recess in the cylindrical cam section,
whereby the rotation of the cylindrical cam section 1s
stopped and the rod section rotates 1n response to a
motive force of the motor section;

rotating the rod section while movement of the cylindrical
cam section 1s stopped, so that a nozzle tip section to be
selected 1s guided to a lower limit position of the
upward and downward movements of the nozzle tip
sections by the cylindrical cam section;

releasing the engaging section of the stopper section from
the recess 1n the cylindrical cam section to cause the
nozzle tip section that has been selected to remain at the
lower limit position; and

rotating the rod section and the cylindrical cam section of
the suction nozzle section together to enable control of
the rotational position of the selected nozzle tip section.

5. The electronic component mounting apparatus accord-

ing to claim 1, said motor being mounted coaxially with said
rod section.

6. An electronic component mounting apparatus cCompris-

ng:

a plurality of suction nozzle sections that pick up elec-
tronic components by suction and mount the electronic
components onto an object; and

a head section provided with a plurality of suction nozzle
sections disposed about the outer edge of said head
section, picking up and mounting of said electronic
components being performed by said suction nozzle
sections at predetermined stop positions of said head
section, said head section being intermittently rotated
between said predetermined stop positions;

cach of said suction nozzle sections comprising:

a plurality of nozzle tip sections;

a rod section that holds said nozzle tip sections so as to
allow each of the nozzle tip sections to move
upwardly and downwardly, said nozzle tip sections
bemng disposed about an outer edge of the rod
section;

a motor section connected to the rod section, said motor
driving said rod section to rotate about a central axis
of the suction nozzle section;

a cylindrical cam section concentric with the rod sec-
tion and rotatable relative to the rod section, said
cylindrical cam section having a cam surface con-
ficured to move each of said nozzle tip sections
upwardly and downwardly; and

a stopper section provided adjacent to a side surface of
the cylindrical cam section, said stopper section
configured to selectively engage said cylindrical cam
section to stop rotation of the cylindrical cam section
while permitting the rod section to rotate relative to
the cylindrical cam section, a motive force of the
motor being selectively transmitted to rotate said
nozzle tip sections about the central axis and to
translate said nozzle tip sections parallel to the
central axis 1 association with disengagement and
engagement of said stopper section with said cylin-
drical cam section.
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